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IMAGE PROJECTOR WITH LIGHT SOURCE MODULATION ACCORDING TO IMAGE SIGNAL 



The invention relates to a method for enhancing brightness and contrast in 
images provided by a projection-based presenter utilising a display panel illuminated by at 
least one scrolling band of light and a lamp as a light source for said at least one scrolling 
band of light. The invention relates equally to such a projection-based presenter, to an image 
5 processor for such a projection-based presenter and to a regulation and controlling system for 
such a projection-based presenter. 

Projection-based presenter, which project images e.g. onto a wall or a screen, 
are well known from the state of the art for presenting video and/or still images. Such 
presenters can be realised as conventional CRT (cathode-ray tube) presenters, as 
10 conventional LCD (liquid crystal display) presenters, or as DMD (digital mirror device) 
presenters. 

LCD and DMD presenters comprise a display panel with adjustable apertures, 
which are usually arranged in a matrix of rows and columns. The display panel can be for 
instance a transmissive or a reflective LCD panel. Each aperture of the panel represents a 

1 5 pixel of an image that is to be projected. In an LCD-type panel the transmissivity of an 
individual aperture can be controlled continuously from fully transparent (white) to fully 
absorbing (black). The effective apertures are therefore adjusted by an image processor to 
correspond to the brightness of the respective pixel in an image that is to be presented. In 
case of a digitally controlled display panel which has only an on- or an off-state per aperture, 

20 a pulse-width-modulation principle is to be applied by the image processor. Thereby the 
aperture is switched open a more or less high fraction of the total time, while the switching 
frequency is higher than the bandwidth of the human eye. 



25 In a conventional projection system, the light coming from the lamp is first 

separated by filters into the basic colours red, green and blue, supplied to three individual 
display panels providing the red, green and blue component of the coloured image and then 
combined again into the full image. Other so called time-sequential systems extract the red, 
green and blue light content from the lamp light in a sequence of time and provide the basic 
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colours to a single display one after each other, while the repetition rate is sufficiently high 
not being perceived by the human eye. Common to both systems is that all apertures of the 
display panels are illuminated at the same time. 

In a scrolling colour presenter, in contrast, the display panel is exposed to 
5 bands of coloured light, moving vertically from top to bottom over the display panel. The 
moving bands of light can be provided for instance by a high pressure gas discharge lamp via 
a scanner. Such a scrolling projection-based presenter is a low-cost projection display 
solution, since it requires only a single display panel, similar to the time-sequential system, 
but produces a brighter image because of a higher utilisation of the white light coming from 
10 the lamp. 

Common to all projection systems is, that the light is discarded which is not 
required at a specific image position. 

In all presenters, the brightness and the contrast of an image is a crucial 
performance indicator. 

1 5 From cathode-ray tube systems, a technology is known which allows to 

display bright parts of a picture even brighter than occasioned by the picture, in case other 
picture parts are less bright, by an additional variation of the cathode ray intensity. This 
allows for natural images, more precisely for all non-blank-white images, an increase of the 
image contrast. This is possible, because in a CRT system all image pixels are displayed 

20 sequentially. In a conventional LCD based system, such a feature cannot be provided, 
because all picture parts are projected at the same time. 

For scrolling colour systems, an adjustment of brightness of different image 
parts is not known. 

It is an object of the invention to enable an enhancement of the brightness and 
25 the contrast in images presented by a projection-based presenter which uses a display panel 
illuminated by scrolling light bands and a lamp as a light source for said scrolling light bands. 

The object is achieved according to the invention with a method which 
comprises modulating the light output of the lamp of the presenter between different scrolling 
positions in a way that a higher light intensity is supplied by the lamp when parts of the 
30 display panel currently representing brighter parts of a respective image are illuminated by 
said at least one scrolling band of light than when parts of the display panel currently 
representing less bright parts of said image are illuminated by said at least one scrolling band 
of light. 
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The object is equally achieved according to the invention with a projection- 
based presenter utilising a scrolling display, which presenter comprises means for carrying 
out the steps of the proposed method. 

Further, the object is achieved according to the invention with an image 
5 processor for a projection-based presenter utilising a display panel illuminated by at least one 
scrolling band of light and a lamp as a light source for said at least one scrolling band of 
light. The image processor comprises means for controlling the power supply to the lamp for 
different scrolling positions in a way that a higher light intensity is supplied by the lamp 
when parts of the display panel currently representing brighter parts of a respective image are 

10 illuminated by the at least one scrolling band of light than when parts of the display panel 
currently representing less bright parts of the image are illuminated by the at least one 
scrolling band of light. 

Finally, the object is achieved according to the invention with a regulation and 
controlling system for a projection-based presenter utilising a display panel illuminated by at 

1 5 least one scrolling band of light and a lamp as a light source for the at least one scrolling 
band of light. The regulation and controlling system comprises an image processor 
determining the power which has to be supplied to the lamp for different scrolling positions 
in order that a higher light intensity is supplied by the lamp when parts of the display panel 
currently representing brighter parts of a respective image are illuminated by the at least one 

20 scrolling band of light than when parts of the display panel currently representing less bright 
parts of said image are illuminated by the at least one scrolling band of light. The regulation 
and controlling system further comprises a lamp power regulator supplying the lamp with 
power. The lamp power regulator adjusts the power supplied to the lamp according to the 
respectively required power determined by the image processor. 

25 The invention proceeds from the consideration that in most cases the image 

performance of a display scrolling projection-based presenter can be improved significantly, 
in case the light output of a lamp of a presenter is modulated such that brighter image parts 
are supplied with a higher light intensity than other parts of the image. 

It is an advantage of the invention that in a non-blank- white picture a higher 

30 peak intensity is achieved as compared to a conventional presenter, and thus at the same time 
an increase in the maximum contrast in an image. 

Preferred embodiments of the invention become apparent from the dependent 

claims. 
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In case the presenter employs a display panel with adjustable apertures 
representing different pixels of the displayed image, preferably the effective apertures are 
controlled at the same time such that a non-distorted brightness reproduction is maintained. It 
is to be noted that the term adjustable aperture is employed here as a general term for any 
5 means of a display panel enabling for a given illumination an adjustment of the brightness for 
a specific pixel of an image that is to be displayed, as described e.g. above with reference to 
LCD display panels and digitally controlled display panels. 

Advantageously, the average power supplied to the lamp for adjusting the light 
output is maintained constant for all images. This can be achieved by decreasing the power 

10 and thus the output light for less bright image parts, whenever the power and thus the output 
light is increased for brighter image parts. Thus, the required average power does not have to 
be increased in order to obtain brighter image parts. 

In case the presenter employs a display panel with adjustable apertures 
representing different pixels of the displayed image, it is proposed that the effective size of 

1 5 the apertures of a display panel for the dark image parts is increased, in order to avoid that 
the darker parts are displayed darker than previously due to the decreased output light and 
thus a distortion of the reproduction of the greyscale or the colour reproduction. In a 
preferred embodiment of the invention, the maximum aperture in every horizontal line of the 
display panel is adjusted to an opening of 100%, since this results in the maximum efficiency 

20 in exploiting the available light intensity. 

In a preferred embodiment of the invention, the lamp employed for supplying 
the required luminance for the scrolling display is a high pressure gas discharge lamp, e.g. a 
UHP (ultra high performance) lamp. Such lamps have the capability to react rapidly to a 
change of the provided power. The rather short time constant of the lamp is determined by 

25 the employed high temperature plasma. A high pressure gas discharge lamp is further able to 
provide an increased light output for a short time without negative effects, i.e. without 
stressing the lamp body thermally overmuch, as long as the rated power, which is an average 
power allowed for a long-term operation of the lamp, is not exceeded. The average power 
used by the presenter can therefore be set close to the maximum value that is acceptable for a 

30 long-term operation of the lamp, thereby ensuring that a maximum brightness can be 
achieved. 

Most natural images show a distinct vertical brightness profile, indicating that 
the world appears basically to be flat. Moreover, known scrolling presenters usually employ a 
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vertical scrolling. In an advantageous embodiment of the invention, the brightness is 
therefore adjusted for each horizontal line in a vertically scrolling presenter. 

The employed display panel can comprise in particular adjustable apertures 
arranged in a matrix of rows and columns. Preferably, changing fractions of the rows are then 
5 illuminated by the at least one scrolling band of light, i.e. each scrolling band of light may 
illuminate one or more, but not all of the rows at a time. 

The presenter can be in particular a video- and data presenter using either a 
front projection or a rear projection. 

In the following, an embodiment of the invention will be described in more 
10 detail by way of example with reference to the accompanying drawings of which 

Fig. 1 is a block diagram of a first projection system comprising an 
embodiment of a projection-based presenter according to the invention; 
15 Fig. 2 is a flow chart illustrating an embodiment of the method according to 

the invention implemented in the presenter of figure 1 ; 

Fig. 3 is a diagram showing the typical brightness profile of an image; 

Fig. 4 is a diagram showing an optimised lamp power profile generated with 
the method according to the invention based on the brightness profile of figure 3; and 
20 Fig. 5 is a block diagram of a second projection system comprising an 

embodiment of a projection-based presenter according to the invention in combination with a 
scrolling colour separation. 

25 Figure 1 shows a first presentation system which comprises a projection-based 

presenter according to the invention. 

The presenter comprises a power supply 1 which is connected via a lamp 
power regulator 2 to a UHP high pressure gas discharge lamp 3. The presenter further 
comprises a display panel 5 with a plurality of adjustable apertures arranged in a matrix, 

30 consisting of rows and columns. A scanner 4 is arranged between the UHP lamp 3 and this 

display panel 5. On the side of the display panel 5 opposite to the scanner 4, in addition a lens 
6 is provided. The presenter moreover comprises an image controller 8, one output of which 
is connected to a control input of the lamp power regulator 2. A second output of the image 
controller 8 is finally connected to the display panel 5. 
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A data input of the image controller 8 is connected to an output of an image 
source 9, e.g. of a DVD player. Finally, a screen 7 is provided at some distance in front of the 
lens 6 of the presenter. 

The functioning of the presenter of figure 1 will be described in the following. 
5 The power supplied by the power supply 1 is controlled by the lamp power 

regulator 2 to establish a desired electrical power in the lamp 3, an thus, a desired lamp 
brightness. 

The light emitted by the UHP lamp 3 is directed by a reflecting shield of the 
lamp to the scanner 4. The scanner 4 directs the light from the lamp to the display panel 5 in 
10 a way that it illuminates the panel 5 with a stripe of light scrolling from top to bottom over 
the display panel 5. 

The light passing the apertures of the display panel 5 is projected via the lens 6 
onto the screen 7 such that the image is displayed on the screen 7 in form of a band moving 
from the bottom to the top of the screen 7. Depending on the design of the projection system 
15 the movement of the bands on the panel and on the screen can also be reverse. 

The effective size of the respective apertures of the display panel 5 is adjusted 
by the image controller 8. The image controller 8 receives image data for images that are to 
be displayed on the screen 7 from the image source 9. Based on the received data, the image 
controller 8 determines the required size of the apertures of the display panel 5 for each 
20 colour in each vertical line. 

The processing performed by the image controller 8 for determining the size 
for all apertures and additional processing performed by the image controller 8 according to 
the invention is illustrated in figure 2. 

In this processing, the image controller 8 first analyses the profile of the 
25 maximum brightness of the received image. More specifically, it detects the maximum 

brightness in each horizontal line of the image. A typical brightness profile of an image with 
about 350 horizontal lines is depicted in the diagram of figure 3. A first curve 31 in the 
diagram indicates the maximum pixel brightness in each horizontal line. A second curve 32 
in the diagram indicates the minimum pixel brightness in each horizontal line. A third curve 
30 33 in the diagram finally indicates the average pixel brightness in each horizontal line. 

The maximum pixel brightness in each horizontal line determines in 
conventional methods the maximum aperture required for the corresponding row of the 
display panel 5 when assuming a light intensity achieved with the rated lamp power supplied 
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to the UHP lamp 3. The other apertures are adapted according to the brightness for the 
respective other pixels. 

The image controller 8 of the presenter according to the invention, in contrast, 
sets the apertures of the display panel 5 by a corresponding control signal such that in each 
5 row, the maximum aperture is 100%, while the other apertures are adapted accordingly. 

For those rows of the display panel 5, in which the apertures were increased to 
achieve a maximum aperture of 100%, the average light intensity of the UHP lamp 4 is no 
longer required for achieving the required maximum brightness. Thus, it is possible to reduce 
the lamp power for these rows, resulting in an increased light efficiency. The saved power 
10 can be used instead for brighter horizontal lines of the image. 

The image controller 8 therefore determines for each row of the display panel 
5 the lamp power resulting in the required maximum brightness in this row with a fully 
opened aperture. For those rows which had already initially the highest aperture, a higher 
lamp power than the average is used, resulting in an average lamp power equal to the rated 
15 power of the lamp but also in a brighter image projection in this part of the picture. 

The determined decreased or increased power for all horizontal lines of one 
image form a lamp power profile, which is forwarded by the image controller 8 to lamp 
power regulator 2. A corresponding lamp power profile, which was determined based on the 
brightness profile of figure 3, is depicted in the diagram of figure 4. The diagram shows an 
20 optimised power profile for the case that the maximum pixel aperture is 100% in each of 

about 350 rows. A first curve 41 indicates the lamp power determined for all rows. The lamp 
power is normalised with the maximum lamp power used, i.e. the maximum lamp power 
corresponds to a value of 1 . A second curve 42 indicates the maximum aperture in each of 
the about 350 rows. The value of 1 represents for this curve 42 an aperture of 100% selected 
25 for all maximum apertures. 

The lamp power profile determined by the image processor 8 is sent to the 
lamp power regulator 2, which adjusts the power supplied to the lamp 3 for each row 
accordingly. The UHP lamp 3, which reacts rapidly to the changed power settings, is thus 
able to emit for each row of the display panel 5 a light of an individual intensity. Practically, 
30 the maximum pixel brightness is each horizontal line of the displayed image is now 

determined by the lamp power. The profile of the maximum pixel excitation results then in a 
maximum value of 1 (white) for each horizontal line. 

Figure 5 shows a second presentation system which comprises a projection- 
based presenter according to the invention. The structure of this second presentation system 
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is the same as the structure of the first presentation system depicted in figure 1 , and 
corresponding components were provided with the same reference signs. 

In the second presentation system, though, the light band is subdivided by the 
scanner 4 into three stripes of different colours. In this case, therefore also the spatial 
distribution of the coloured bands and the colour content of the image have to be considered 
instead of the pure brightness when determining the power profile for the lamp power. The 
strategy however remains the same, i.e. maximising the pixel aperture by compensating with 
the lamp power. 

The described embodiments of the invention are thus based on a fast power 
setting signal fed to the lamp power supply, the image processor producing this signal 
according to the brightness profile of an image that is to be projected. 

As a result of the described power and aperture control, the peak intensity of 
the projected non blank-white image is increased compared to the peak intensity achieved 
with a conventional presenter, while the average lamp power remains the same. 

Investigations have produced a gain in contrast and peak-brightness of 
between 10% and 100%, with an average improvement of approximately 40% for a wide 
range of different picture content. 

It is understood that the described embodiment of the invention represents 
only one of a great variety of possible embodiments of the invention. 



